ERM (Ezrin, Radixin, Moesin) proteins are membrane-cytoskeleton linkers that regulate the structure and the function of specific domains of the plasma membrane. ERM proteins are expressed in all metazoan analyzed so far. Genetic analysis of ERM protein functions has recently been performed simultaneously in three different organisms, mouse, Drosophila melanogaster and C. elegans. These studies have revealed a remarkable conservation of the protein functions through evolution. Moreover they have shed light on the crucial role these proteins play in various physiological processes that occur in epithelial cells.
Introduction
ERM (Ezrin, Radixin, Moesin) proteins provide a regulated linkage between the plasma membrane and the actin cytoskeleton. Recent genetic analysis of ERM protein functions in various organisms revealed that these proteins are involved in the assembly of specific domains of the plasma membrane. ERM proteins are essential for the morphogenesis of the apical domain of different epithelial cell types. These cells assemble actin-rich cell surface structures that are adapted to their specific functions such as brush borders in intestinal cells, rhabdomeres in photoreceptor cells, and stereocilia in hair cells. In this review, we will discuss the known functions of ERM proteins in epithelial cells that may explain the phenotypes observed in animals following ERM protein gene inactivation.
Structural organization of ERM proteins

Conserved structural organization of ERM proteins throughout evolution
Ezrin, radixin and moesin constitute the ERM protein family. They belong to a superfamily whose prototype is band 4.1. Members of the band 4.1 superfamily share a ∼300 amino acids common domain called FERM domain (Four point one Ezrin, Radixin, Moesin) [1, 2] . ERM proteins have been found in all sequenced metazoan genomes but are not present in unicellular organisms. The three paralogs, ezrin, radixin and moesin, are present in vertebrates whereas other species have only one ERM gene. Therefore, in vertebrates these paralogs likely arose by gene duplication [2, 3] . ERM proteins are highly conserved throughout evolution (Fig. 1 ). More than 75% identity is observed in the FERM domain and the F-actin binding site of vertebrates (Ezrin, Radixin, Moesin), Drosophila (Dmoesin) and C. elegans (ERM-1) homologues (Fig. 1) .
ERM proteins are composed of a globular FERM domain located at their N-terminus followed by a ∼ 200 amino acids region predicted to form a α-helical structure and a ∼ 100 amino acids C-terminal region. Attempts to crystallize fulllength ERM proteins have been unsuccessful so far but the X-ray structure of their globular FERM domain has been obtained. The FERM domain is composed of three subdomains (F1, F2, F3) that are arranged as a cloverleaf. These subdomains share structural homology with ubiquitin, acyl-CoA-binding protein and the plekstrin-homology domain respectively [4] . The central domain, named α domain, forms a monomeric long helical rod structure and connects the FERM domain to an F-actin binding site that is located within the 34 COOH-terminal amino acids of ezrin [5, 6] .
Genetic analysis of ERM protein functions
ERM proteins are widely expressed in organisms
ERM proteins are expressed early in development. ERM-1 and ezrin have been localized to the cell cortex at the two-cell stage of C. elegans and mouse embryos respectively [7, 8] . At compaction, ezrin becomes restricted to the apical pole of mouse blastomeres where it is associated with the microvilli [8] . Dmoesin cross-links actin filaments to the cell cortex of oocytes and plays an essential role during oogenesis [9, 10] .
In adult vertebrates there is an almost exclusive distribution of ERM proteins in different tissues. Ezrin was first identified as a major component of the intestinal microvilli [11] . Subsequently this protein was shown to be mainly expressed in epithelial cells where it is enriched at the apical surface [12] . Radixin was isolated from rat liver [13] and is also enriched in cochlear stereocilia [14, 15] . Moesin is found primarily in endothelial cells [16] but is also co-expressed with ezrin in a few subset of epithelial cells [12] .
As in vertebrates, Dmoesin is localized to the apical surface of polarized cells such as epidermis and photoreceptors in Drosophila [17, 18] . In C. elegans, ERM-1 is present at the apical surface of epithelia lining tubular organs that do not secrete cuticle such as intestine, excretory canals and gonads [7, 19] .
ERM proteins are essential for epithelial cell integrity
Genetic analyses of ERM protein functions in organisms that contain a single gene encoding ERM protein (i.e. Drosophila and C. elegans) revealed that these proteins are essential for viability ( Table 1) . Absence of either Dmoesin or ERM-1 results in a lethal phenotype [10, 17, 19] .
In C. elegans, reduction of ERM-1 level by RNAi causes defects in the tubulogenesis of the digestive, reproductive and excretory systems. The intestinal tube is distorted with frequent occlusion. In addition, tubular structures display interspersed luminal cysts. Structural studies showed that erm-1 is required for lumen membrane morphogenesis. Abnormalities are observed during intercalation when the lumen is formed in erm-1(RNAi) embryos. The apical surface of the cells is twisted leading to incomplete intercalation [19] . The morphology of the apical surface of intestinal cells is impaired with microvilli smaller and sparser than in wild-type cells and junctions display a distorted shape [7, 19] . However, neither the function of the epithelial barrier nor cell polarity appears to be affected.
The consequence of Dmoesin gene inactivation has been analyzed in few cell types. Partial loss of Dmoesin function during oogenesis impairs actin filament attachment to the cortex of oocytes and the localization of posterior determinants such as Oskar [9, 10] . As a consequence, embryos present severe segmentation defects and loss of posterior structures [10] .
Inactivation of Dmoesin in polarized cells such as in imaginal discs or in photoreceptors leads to profound alteration in the morphology and physiology of these cells. The imaginal wing epithelium from Dmoesin mutant larvae looses its organization, with cells detaching and migrating away from the cell layer [17] . Moreover these cells do not express the epithelial marker, E-cadherin, suggesting a loss of polarity. The consequence of Dmoesin inactivation has also been analyzed in photoreceptors. Upon differentiation, these cells develop actinrich structures, the rhabdomeres. Downregulation of Dmoesin impairs rhabdomere morphogenesis, with a disorganization of actin filaments underlying the plasma membrane. However, epithelial cell polarity is maintained [18] . As vertebrates express the three ERM paralogs it was predicted that functional redundancy between ERM proteins may compensate for the absence of one of these proteins. In support of this, moesin inactivation in mice did not lead to detectable abnormalities [20] . However, ezrin and radixin have an almost exclusive distribution in adult tissues and their inactivation results in severe defects indicating that they play a critical role in the physiology of the tissues in which they are present.
Radixin is the main ERM protein expressed in the liver. Mice that do not express radixin are normal at birth. However, after 4 weeks the concentration of conjugated biluribin increases in their serum and after 8 weeks they present liver injury and the morphology of the bile canalicular apical cell surfaces becomes abnormal [21] . This defect is similar to that observed in Dubin-Johnson syndrome characterized by a hyperbilirubinemia due to mutations in the multidrug resistance protein 2 (MRP2). In radixin −/− mice the MRP2 protein is no longer present in the bile canalicular membranes indicating that radixin, which interacts with MRP2, is necessary for the localization/anchoring of this protein to the apical surface of the cells.
Radixin is also highly expressed in the cochlear and vestibular sterocilia. Stereocilia from cochlear hair cells are essential for the transduction of acoustic stimuli into electrical signals whereas vestibular stereocilia detect acceleration. Mice defective in radixin suffers from deafness without loosing their balance [15] . During the onset of hearing (∼ P14), there are changes in the pattern of ERM protein expression: before P14, radixin and a low level of ezrin are expressed in the cochlear stereocilia but ezrin disappears after P14 in normal mice. In radixin −/− cochlea, ezrin was up-regulated up to day P14 and stereocilia developed normally but soon after, the cells degenerated indicating that ezrin cannot counterbalance radixin deficiency in mature stereocilia. In contrast, up-regulation of ezrin is maintained in vestibular stereocilia after the onset of hearing and stereocilia are normal. This latter case provides an example of structural and functional compensation of one ERM protein by another.
Mice that do not express ezrin die soon after birth [22] . Morphological abnormalities have been studied in intestinal epithelial cells in which ezrin is the only ERM protein expressed. At birth, small intestine display abnormal aggregated villi that may result from incomplete transition from pluristratified to columnar epithelium during development. Moreover the morphology of the terminal web and microvilli is perturbed and the junctional complexes are more elongated. But as with C. elegans, cells are polarized. Membrane proteins that have been examined in the intestinal cells of mice ezrin −/− are normally localized to the apical surface. However, it remains to be determined which physiological functions are altered in ezrin −/− mice that lead to death after weaning. Gastric parietal cells represent another tissue in which ezrin is highly expressed. Since these cells mature after weaning, the role of ezrin in acid secretion by parietal cells was analyzed in ezrin knockdown mice (Vil2 kd/kd ) [23] . The mice with reduced level of ezrin in gastric parietal cells (less than 5% of the normal level) suffer from achlorhydria likely due to a defect in the formation of canalicular apical membranes.
The consequence of ezrin inactivation on the maturation of retina during the three postnatal weeks was evaluated [24] . A role for ezrin in the morphogenesis of apical microvilli and basal unfoldings in cultured retinal pigment epithelial cells (RPE) has been previously reported [25] . In Ez −/− mice, morphological defects are observed in the microvilli of RPE and Müller cells and in basal unfoldings of RPE. Moreover, significant decrease in the amount of ions and metabolites transporters are observed in the membrane of RPE that may explain the retardation observed in the differentiation of the photoreceptors.
The expression pattern of ERM proteins during vertebrate development has not been extensively investigated. Mice inactivated for one of the ERM protein gene do not die before birth suggesting that there is a partial functional redundancy of these proteins during development. However, in adult, severe abnormalities have been observed in the organs expressing one particular protein which, in few cases, have been correlated to physiological defects. These defects have been associated with a disorganization of structures present at the apical surface and with a mistargeting of membrane proteins to these structures. This raises questions on the Drosophila: inactivation of Dmoesin allele by transposable element insertion results in developmental defects including disruption of antero-posterior polarity [9, 10] and loss of imaginal epithelial cell integrity [17] . Downregulation of moesin by RNAi late in eye development indicates an essential role for this protein in photoreceptor morphogenesis [18] . C. elegans: reduction of ERM-1 levels by RNAi impairs lumen morphogenesis of intestinal [7, 19] excretory canal and gonadal tubular epithelia [19] . Mouse: ezrin deficient mice obtained by homologous recombination display strong defects in intestinal epithelial cell organization and villus morphogenesis [22] and in retinas [24] . Ezrin knockdown mice (Vil2 kd/kd ) suffer from severe achlorhydria [23] . Radixin deficiency causes hyperbilirubinemia [21] and deafness [15] .
functional relevance of the role of ERM proteins in the assembly of specific domains of the plasma membrane and in the transport/anchorage of membrane proteins to the apical surface of the epithelial cells.
Regulated association of ERM proteins with the cell cortex
In fully polarized epithelial cells, ERM proteins are present both in the cytoplasm and at the membrane, the major bulk being in the cytoplasm. At the plasma membrane, the proteins are enriched at the apical surface of the cells and only a weak labelling is detected at the lateral surface [12] (and our own observations). Studies performed in vivo and in vitro suggested that the association of ERM proteins with both the membrane proteins and the actin cytoskeleton was regulated by conformational changes [26] [27] [28] . The demonstration that ERM proteins are conformationally regulated is a consequence of experiments showing that these proteins exist in an inactive conformation due to a strong interaction between their amino-terminal domain and the last ∼ 100 amino-acids that are defined as N-ERMAD and C-ERMAD (ERM Association Domain) respectively [29] . In the inactive conformation the membrane and the actin binding sites are masked, thus the intramolecular interaction must be relieved to allow the association of the proteins with their partners [2] . Both structural and biochemical data have provided insights into the mechanisms that control the transition from a closed to an open conformation defined as "activation".
Structural comparison between the active and inactive states
X-ray analysis of the moesin N-ERMAD complexed to the C-ERMAD provided data that supported the masking model [4, 29] . The C-ERMAD that adopts an extended structure covers a large area of subdomains F2 and F3. The F-actin binding site present in the last 34 charged amino-acids is buried in the interface between the N-and C-ERMAD preventing its accessibility. Structure comparison of the N-ERMAD domain in a closed conformation with the structures of the isolated N-ERMAD from ezrin [30] , radixin complexed or not with inositol-(1,4,5)-triphosphate (IP3) [31] and moesin [32] suggest that conformational changes trigger the transition from the "inactive" to "active" states. Smith et al. have shown that a greater mobility of subdomains F2 and F3 correlates with the activated state [30] . These authors proposed the concept of "keystone interaction" in which residues of one domain/protein contributes to the folding of another domain/protein. For ERM proteins, residues from the C-ERMAD contribute to the folding of the N-ERMAD. Smith et al. have suggested that, in the activated state, others ligands could mimic the keystone function of the C-ERMAD. In support of this hypothesis, solving the structure of the N-ERMAD complexed to the cytoplasmic tail of ICAM-2 [33] or to the C-terminal peptide of the adaptor EBP50 [34] showed that these two ligands bind to two different sites of the N-ERMAD domain that are occupied by the C-ERMAD in the inactive form.
Altogether, these structural data have provided important insights into the understanding of how ERM proteins interact with membrane proteins and actin filament. Moreover, in vitro and in vivo experiments have revealed that two factors are involved in the mechanism of ERM protein activation: the binding of the N-ERMAD domain to the lipids and the phosphorylation of a conserved threonine in the F-actin binding site.
Mechanisms of ERM protein activation: role of phospholipids
In vitro, phosphatidylinositol 4,5 biphosphates (PIP 2 ) plays a regulatory role in the association of ERM proteins with membrane proteins [35] [36] [37] and with the actin cytoskeleton [38] . Full length ERM proteins bind to phospholipids suggesting that the binding site is not cryptic. The PIP 2 binding sites have been mapped to the N-ERMAD: four clusters of lysine were identified, via mutagenesis, to be important for this interaction [39] . These clusters are partially distinct from those identified from the crystal structure of the radixin N-ERMAD in complex with IP3 [31] . The polar headgroup of PIP 2 binds a basic cleft between subdomains F1 and F3 and it was proposed that this binding induces conformational changes resulting in the dissociation of the C-ERMAD from the N-ERMAD [31] .
In vivo, the binding to PIP 2 is critical for the recruitment of ERM proteins to the plasma membrane. In cells treated with the antibiotic neomycin that binds to phosphoinositides, ezrin is translocated from the cell surface to the cytoplasm with concomitant microvillus breakdown [35] . Mutagenesis of the PIP 2 binding site in ezrin [39] prevents its association with the plasma membrane [40] . As suggested by the X-ray analysis of the N-ERMAD of radixin complexed with IP 3 [31] , the binding of ERM proteins to PIP 2 likely induces conformational changes that unmask the membrane protein binding sites. Indeed, an isolated N-ERMAD of ezrin carrying or not the PIP 2 mutations is associated with the membrane indicating that, in absence of the C-ERMAD, the membrane protein binding sites are fully accessible and that PIP 2 is not the major membrane partner of ezrin. However, unlike full length ezrin, the N-ERMAD does not display a polarized distribution [40] . This result highlights the importance of the N-/C-ERMAD interaction in the regulation of the association of ERM proteins with the apical membrane.
Sequential binding to PIP 2 and phosphorylation of a conserved threonine are necessary for the activation of ERM proteins
Phosphorylation of ERM proteins at the conserved threonine residue in the actin binding site (T567 in ezrin, T564 in radixin, T558 in moesin) results in the localization of these proteins to the actin-rich membrane extensions [41] [42] [43] [44] and in their association with the cytoskeletal fraction [38, 45] . Conversely, dephosphorylation of ERM proteins by processes such as anoxia [46] or following the early phase of Fas ligandinduced apoptosis [47] leads to the translocation of ERM proteins from the membrane to the cytoplasm. These data indicate that phosphorylation of the threonine regulates the association of ERM proteins with the membrane and actin cytoskeleton and suggest a role for this phosphorylation, in the mechanism of ERM protein activation. This was supported by structural data of the N-/C-ERMAD complex showing that this threonine is buried at the interface and that addition of a negatively charged phosphate group likely induces repulsive forces that weaken the interaction between the two domains [4] . Moreover, a phosphomimetic mutant of ezrin in which this threonine residue is replaced by an aspartic acid (T567D) and that is tagged at its C-terminus induces strong morphogenic effects when expressed in epithelial cells [45] . However a T567D ezrin tagged at the N-terminus did not induce such morphological effects [48] . It has been proposed that changes in the environment of the C-terminus of ERM proteins would favour the N-/C-ERMAD dissociation. Indeed, biochemical analysis of the N-/C-ERMAD complex indicated that the two last C-terminal residues of ezrin are essential for a high affinity N-/C-ERMAD binding [29] . Moreover, structural data on the moesin N-/C-ERMAD complex showed that the hydroxyl of the C-terminal carboxylic acid makes a hydrogen bond with asparagine 210 and serine 214 in the FERM domain. Disruption of this hydrogen bond might have a stronger effect on the dissociation of the N-/C-ERMAD complex than phosphorylation of the threonine.
Several observations, however, indicated that phosphorylation of the threonine is not the primary event in the mechanism of ERM protein activation. In vitro, phosphorylation of T564 in radixin is not efficient when the protein is in a closed form [49] . Phosphorylated moesin at T558 binds F-actin only in presence of PIP 2 or a charged detergent [38] . In cells, phosphorylation of the threonine is not required for the recruitment of ERM proteins to the membrane but is required for the maintenance of their active state [35] . Therefore, it was suggested that phosphorylation of this residue does not open ERM proteins but prevents the N-/C-ERMAD association thus stabilizing the ERM proteins when they are in their active conformation. In line with these observations it was shown that phosphorylation of the threonine occurs at the membrane and requires the binding of ERM proteins to PIP 2 . Indeed, an ezrin mutant unable to bind PIP 2 is not phosphorylated on this threonine [40] . Altogether these observations indicate that the mechanism of activation requires sequential binding of ERM proteins to PIP 2 followed by phosphorylation of the threonine. This sequence of events is critical for the proper activation and apical localization of ezrin [40] .
Involvement of ERM proteins in the regulation of membrane proteins
Studies performed in cultured cells and genetic analysis of ERM protein functions indicate that these proteins are not only necessary for the morphogenesis of the apical domain of epithelial cells but that they also participate to the cellular functions that occur in this domain. Several observations suggest that they may exert their functions through the assembly of multi-protein complexes required for the actin cytoskeleton organization and membrane protein delivery and function.
Factors that control the localization of ERM proteins
The factors that control the apical localization of ERM proteins are not known. Fiévet et al. have shown that the sequence of events consisting of binding to PIP 2 followed by the phosphorylation of the threonine is critical for the restricted apical localization [40] . One hypothesis is that the ERM proteins are part of macromolecular complexes that retain them in a specific plasma membrane compartment.
Two types of interaction have been observed between ERM and membrane proteins: a direct one such as with adhesion molecules and an indirect one with multi-spanning membrane proteins. In the latter case, the interaction is mediated by adaptor proteins, the best characterized belong to the NHERF (Na + -H + Exchanger Regulatory Factor) family. The NHERF family consists of four related PDZ domaincontaining proteins two of which EBP50/NHERF1 and E3KARP/NHERF2 contain in their C-terminal region an ezrin binding site [50, 51] . NHE-RF proteins are known to interact through their PDZ domains with two membrane proteins present at the apical surface of epithelial cells: NHE3 (Na + /H + exchanger 3) [52] or CFTR (Cystic Fibrosis Transmembrane Conductance Regulator) [53, 54] . In EBP50 deficient mice, there is a significant decrease of ezrin in the brush border of intestinal and kidney cells [55] . In addition, in intestinal epithelial cells and in retinal pigment epithelium of ezrin deficient mice, EBP50/NHERF1 is diffuse in the cytoplasm [22, 24] . This confirms the interdependence of ezrin and EBP50/NHERF for their apical localization.
Another adaptor protein regulates the apical localization of ezrin in gastric parietal cells. In these cells, expansion of the canalicular apical membrane and acid secretion require a correct ezrin activation and localization to the apical membrane of gastric parietal cells. The mistargeting of an ezrin mutant (T567D) to the baso-lateral membrane impairs the expansion of apical membrane vacuoles and secretion [56] . In search for a membrane binding partner of ezrin, Cao et al. have identified a PDZ and SH3 domain-containing membrane-associated guanylate kinase, PALS1 (protein associated with Lin seven-1) [57] . These authors have shown that PALS1 is essential for the localization of ezrin to the apical membrane and for acid secretion in gastric parietal cells.
In airway epithelial cells the apical localization of ezrin, but not moesin, requires the expression of the forkhead box (F-box) transcription factor Foxj1 [58] . In Foxj1-null cells, both phosphorylation of ezrin at threonine 567 and its association with the membrane-cytoskeleton fraction are strongly decreased together with the loss of its apical localization. Moreover, neither EBP50 nor the β2-adrenergic receptor that are both associated with ezrin are present in the apical membrane of Foxj1 null cells [58] . These results show that the function of the transcription factor Foxj1 is required for the activation and apical localization of ezrin. Identification of the targets regulated by Foxj1 may provide cues on the mechanisms that regulate the activation and/or the maintenance of ezrin to the apical surface.
Altogether these studies indicate that the apical localization of ERM proteins likely results from combinatorial effects including correct activation of ERM proteins and retention in the proper compartment through a complex network of proteinprotein interaction.
The above described interactions occur with membrane proteins that are present and functional at the apical surface of the cells. However the interaction with proteins that are mainly localized to the baso-lateral surface of epithelial cells has also been reported. A direct binding of ezrin with NHE1 has been observed in fibroblasts and this association is required for the control of cell shape [59] . In epithelial cells NHE1 is primarily present at the baso-lateral surface [60] and its association with ERM proteins regulates cell survival [61] . However in this latter study it has not been determined, where at the membrane, the association between ERM proteins and NHE1 does occur.
A direct association of ezrin with the hyaluronan receptor CD44 has also been described [62] . This interaction is highly regulated and is important for cell motility [36, 63] . There exists several forms of CD44 with some localized to the basolateral surface of epithelial cells [64] . It is as of yet not known where, in polarized cells, this interaction of ezrin and CD44 takes place.
ERM proteins regulate the functions of membrane proteins
Different observations strongly argue for a role of ERM proteins not only in the correct localization of membrane proteins but also in the regulation of their physiological functions. The role of ERM proteins in the regulation of membrane protein functions may be multifaceted.
ERM proteins can recruit signalling molecules that regulate the activity of membrane proteins. In intestinal and renal brush border microvilli, ezrin is part of a complex that regulates the Na+/H+ exchanger, NHE3. Ezrin, which is a protein kinase A anchoring protein, recruits the regulatory type II subunit of PKA to the proximity of its substrate leading to the cAMPmediated inhibition of NHE3 [65] [66] [67] . Similarly, the activity of the CFTR is controlled by cAMP-dependent PKA-mediated phosphorylation. It has been shown that ezrin, in a complex with NHERF and CFTR, recruits the regulatory type II subunit of PKA: interfering with the binding of PKA to ezrin prevents the activation of the CFTR [53, 68] .
ERM proteins may also participate to the transport/delivery of membrane proteins. A role for ezrin in the translocation and activation of NHE3 triggered by the Na + /glucose cotransport has been described [69, 70] . Initiation of the Na + /glucose transport leads to the phosphorylation of Thr 567 in ezrin by the kinase Akt resulting in its association with the actin cytoskeleton and in the translocation of NHE3. Recent studies indicate that control of the endocytic recycling and plasma membrane delivery of newly synthesized NHE3 is mediated by a direct binding of ezrin to NHE3. Since the indirect binding of ezrin to NHE3 through NHERF is important for formation of multi-protein complexes and for limiting the mobility of NHE3 in the plasma membrane, this suggests that direct and indirect binding of ezrin to NHE3 have different role in NHE3 regulation [71] . Similarly, direct binding of ezrin with the α1β-adrenergic receptor contributes to its recycling to the plasma membrane [72] .
Another example of the possible involvement of ezrin in protein transport was reported in gastric parietal cells. Stimulation of these cells involves the translocation and insertion of H-K-ATPase-containing vesicles in the apical membrane vacuoles for acid secretion. In addition to the correct activation of ezrin [56] , phosphorylation of Ser 66 in ezrin by the c-AMP-dependent PKA is required for the remodelling of the apical surface and for acid secretion [73] . A non-phosphorylatable mutant of ezrin (ezrin S 66 A) blocks the translocation of the H, K-ATPase to the apical membrane suggesting a role for ezrin in vesicular trafficking [73] .
The role of Dmoesin in the physiological functions of photoreceptors has been addressed [74] . These studies showed that Dmoesin interacts with the transient receptor potential proteins (TRP) and TRP-like (TRPL): these light-sensitive cation channels participate in the light-induced current. The interaction between TRP/TRPL and Dmoesin is regulated by light illumination and by phosphorylation of the conserved threonine (T559) in the C-terminal domain of Dmoesin. Illumination of dark-raised flies leads to the dissociation of Dmoesin from the receptors concomitantly with its dephosphorylation. Expression in these flies of Dmoesin mutant forms that impair its phosphorylation leads to light induced degeneration of photoreceptors [74] . Since other studies have shown that illumination also triggers the translocation of TRPL channel from the rhabdomere to the cell body [75] , this suggests that this translocation may occur through the same mechanism for both proteins.
Conclusions
Recent genetic analyses of ERM proteins indicate that there is a remarkable conservation not only in the structure but also in the functions of ERM proteins from C. elegans to mice. These proteins are essential for the morphogenesis of the apical domain of epithelial cells that display complex actinrich structures. Inactivation of genes encoding ERM proteins leads to morphological defects resulting from the disorganization of actin filaments and impaired delivery of specific membrane proteins. Additional work is needed to understand how the regulation of ERM protein activation is coupled with their recruitment to apical complexes that allow the formation of specific plasma membrane domain. Another aspect that has still been poorly explored concerns the role of ERM proteins in the polymerization/organization of actin filaments. Future work will help to understand how ERM proteins coordinate actin polymerisation and delivery/anchorage of membrane proteins during the morphogenesis of complex structures observed at the apical surface of epithelial cells.
